We have investigated freshwater cyprinid fi sh for its current infection status with plerocercoid of ligulid tapeworm in the Republic of Korea. A total of 6,049 (517 Euiam Lake and 4,071 Hoengseong Lake in Gangweon-do and 1,461 Chungju Lake in Chungcheongbuk-do) fi sh were examined by dissecting the peritonial cavity between March 2015 and December 2016. Totally 45 (0.74 %) fi sh in of 5 (26.3 %) species (8 Squalidus japonicus coreanus, 6 Squalidus gracilis majimae, 7 Opsariichthys uncirostris amurensis, 15 Zacco platypus and 9 Erythroculter erythropterus) were infected with plerocercoids of ligulid tapeworm. The infection density with plerocercoids in Erythroculter erythropterus was 12 -26 per fi sh infected in Erythroculter erythropterus, and 1 -2 in other 4 fi sh species. The plerocercoid was ivory-white and 26.2 -57.8 cm long. The prevalence value in this survey was 0.9 % (45/6,049). The genetic analysis in this study was conducted to identify plerocercoid species. Based on genetic analysis with data in GenBank, these plerocercoids were identifi ed as the L. intestinalis.
Introduction
The tapeworm Ligula intestinalis (Cestoda: Pseudophyllidea) is the most common species of the genus Ligula (Bloch, 1782) . This organism, which has a three-host life cycle, infects a range of fresh water species in its plerocercoid stage, particularly members of the Cyprinidae, and as its second intermediate host and has a widespread distribution throughout the northern hemisphere (Bauer & Stolyarov, 1961; Dubinina, 1980; Brown et al., 2002; Hajirostamloo, 2009) . A fi sh becomes infected through the ingestion of eating infected copepods. Once inside the fi sh, the tapeworm develops in the fi sh's body cavity into a larval stage known as a plerocercoid in the fi sh's body cavity, which goes on and to infect fi sh-eating birds such as herons and cormorants (Dubinina, 1980; Loot et al., 2001; Ergonul & Altindag, 2005) . The parasites persist in the guts of birds for only a few days where they sexual maturity and to reproduce (Dubinina, 1980) . As reported for different infected cyprinid species, regardless of sex, season and age, the gonads of infected fi sh remain immature and only early germ cell stages are present (Arme & Owen, 1968; Hoole, 1994; Olson et al., 2002) . To date, only two papers have investigated Ligula intestinalis in Korea (Ryu & Lee, 1992; Sohn et al., 2016) . However, a largescale surveys about the infection status of Ligula plerocercoids in a variety of cyprinid fi sh species have not been conducted in Korea lakes. Many species of the genus Ligula are diffi cult to identify satisfactorily, at least if it is based on morphological characteristics alone. These organisms are fl at, unsegmented and have a tapering anterior end with two bothridia pleurocercoids from different host fi sh that vary in size from 10 -100 cm in length, and 3 -1.2 cm in width (Hajirostamloo, 2009) . Recently, genetic analysis has been employed to distinguish Ligula species (Lee et al., 2000; Li & Liao, 2003; Bouzid, 2008) . Since Ligula intestinalis represents a complex of cryptic/sibling species, it is diffi cult to distinguish. Bouzid et al. (2008) and Štefka et al. (2009) have been reported that Ligula intestinalis seems to occur in Europe rather than in eastern Asia. The genetic analysis in this study was conducted to identify plerocercoid species. In the present study, we investigated the infection status of plerocercoid of the family Ligulidae from three lakes in Korea.
Materials and Methods
The infection status of freshwater cyprinid fi sh with Ligula intestinalis was examined in Chungju lake in Chungcheongbuk-do (do=Province), as well as Euiam and Hoengseong lakes in Gangwon-do, between March 2015 and December 2016. The fi sh were collected with the help of fi sherman. We collected a total of 6,049 cyprinid fi sh belonging to 19 species from the three lakes once in every three months. The num bers and species of fi sh examined are shown in Table 1 . Collected fi sh were transferred to the laboratory, classifi ed to particular species and dissected to collect Fig. 1 . An Erythroculter erythropterus with many plerocercoids of Ligula intestinalis from Chungju Lake(A) and an Zacco platypus with one plerocercoid from Hoengseong Lake (B). Scale bars are 5 cm. the parasites. Plerocercoid present in the peritoneal cavity were counted, and identifi ed using the characteristics suitable for species identifi cation according to the criteria of Dubinina (Dubinina, 1980) and Bykhovskaya-Pavlovskaya et al. (Bykhovskaya-Pavlovskaya, 1962) . Plerocercoid samples were preserved by either placing them in absolute ethanol or freezing them at -80 °C. Moreover, genetic analysis was conducted to identify plerocercoid species. Mitochondrial cytochrome c oxidase subunit I (Cox 1) and cytochrome b (Cytb) genes were used as targets (Bouzid, 2008) . A total of 20 plerocercoid samples from fi ve fi sh species were examined and compared with the GenBank-registered Ligula species.
Species

Results
A total of 6,049 fi sh (517 from Euiam Lake, 1,461 from Chungju Lake and 4,071 from Hoengseong Lake) belonging to 19 species were examined by dissecting the peritoneal cavity in the present study (Table 1) . Five of the 19 species of cyprinids fi shes collected in three lakes were infected with plerocercoid of ligulid tapeworm. The infection status according to the fi sh species and surveyed localities is particularized in Table 1 . Overall, totally 4,973 fi sh from fi ve infected species in three lakes were investigated and the infection prevalence (0.9 %, 45/6.049) ranging from 0.2 % in January -July to 0.7 % in September -November (Table 2) was very low. The positive rates of fi sh with plerocercoids were as follows: 1.5 % (8) Squalidus japonicus coreanus, 12 % (6) Squalidus gracilis majimae, 0.4 % (7) Opsariichthys uncirostric amurensis, 0.7 % (15) Zacco platypus and 2.9 % (9) Erythroculter erythropterus. The plerocercoid was ivory-white and 26.2 -57.8 cm long (Fig. 1) . In Erythroculter erythropterus, the number of plerocercoid in the peritoneal cavity was 12 -26, while the other four species had 1 -2 plerocercoid in the peritoneal cavity. To obtain defi nitive information regarding the taxonomy of Ligula plerocercoid, the partial nucleotide sequence of mitochondrial Cox 1 and Cytb genes were performed. 
Discussion
It is well known that the tapeworm Ligula intestinalis infects many different species of freshwater fi sh, but primarily infects cyprinids (Sweeting, 1977; Barus & Prokes, 2002; Ergonul & Altindag, 2005) .
A fi sh becomes infected through the ingestion of infected copepods, after which the tapeworm develops into a larval stage called a plerocercoid in the fi sh's body cavity. The defi nitive hosts are ichthyophagous predatory birds such as herons and cormorants, in which L. intestinalis reaches sexual maturity. Parasite eggs are then released into the water with bird feces (Hoole, 1994 (Ryu & Lee, 1992; Sohn et al., 2016) . Ligula pleurocercoids show very limited structural differentiation. Specifically, they are fl at, unsegmented and have a tapering anterior end with two bothridia plerocercoids from different host fi sh that vary in size. Early accounts concerning the genus Ligula were reviewed by Cooper (1918) , who recognized only the single species of L. intestinalis, and listed 63 species of the host fi sh from many different families (Arme & Owen, 1968; Hajirostamloo, 2009 (Arme & Owen, 1968; Charles & Orr, 1968; Hoole, 1994; Loot, 2001; Britton, 2009; Hajirostamloo, 2009; . Vanacker, 2012; Tizie et al., 2014; Sohn et al., 2016) . The infected cyprinid fi sh confi rmed in this study were Squalidus gracilis majimae, Opsariichthys uncirostric amurensis, Zacco platypus, Squalidus japonicus coreanus and Erythroculter erythropterus. The preponderance of infection in Korean cyprinids seems to be related to the widespread distribution and abundance of these fi sh. Although typically reported from cyprinid fi sh, L. intestinalis has been shown to utilize a broad range of hosts, including other fi sh families such as Catostomidae, Salmonidae or Galaxiidae (Dubinina, 1980; Groves & Shields, 2001; Barus & Prokes, 2002) . Therefore, other freshwater families should be investigated in the future. Ligula intestinalis infections reportedly tend to occur between July and December (Loot et al., 2001) . Infected fi sh in this study were found mainly among those caught in summer to winter. Thus, during autumn, L. intestinalis grows markedly in the host body cavity, and plerocercoids may reach a size between 10 and 30 cm long (Hoole, 1994) .
Since the worms in the bird host acquire maturity in 3 -5 days in the bird host, infected piscivorous birds are rarely observed under natural conditions (Loot et al., 2001) . Thus, it is diffi cult to determine which bird species in the lakes play a key role in the transmission of L. intestinalis in the lakes. Accordingly, future studies investigating what kinds of bird are transmitting L. intestinalis in Korea are warranted.
